Abstract: Species representation and seasonality of adult sawflies (Symphyta) were studied using Malaise traps at three submontane study sites (Hriňová -HR, Mošovce -MO and Štefanová -ŠT) in the Western Carpathians (Central Slovakia). One trap was operated at each study site continuously during the growing season, in MO in 1992, in HR in 1995 and in ŠT in 1996. A total of 9,281 adults representing 244 species in 9 families were collected. Very rich sawfly assemblages were found. The highest species richness was in MO (181 species), followed by ŠT (153 species) and HR (118 species). Pseudodineura fuscula was recorded from Slovakia for the first time. Adults were present in traps from the end of April through the first half of October. Most species occurred from the second half of May through the first half of June and finished flight activity by the end of June. Seasonal flight activities of the 16 most abundant species are analysed and discussed.
Introduction
Sawflies (Hymenoptera, Symphyta) are an important part of the phytophagous insect complex in majority of terrestrial ecosystems of C Europe. About 650 species belonging to 13 families represent the estimated species richness of Symphyta in Slovakia (Roller, 1999) . Our knowledge of the sawfly fauna in the submontane region of C Slovakia (Western Carpathians Mts) is poor and mostly based on old data (e.g., Mocsáry, 1918; Siekelová, 1980) . Recently, the sawfly assemblages of C Slovakia have been studied by Lukáš (1992) and Úradník & Kulfan (2002) , but the authors gave no information regarding seasonal flight activity.
Phenology of the Symphyta is a phenomenon of considerable complexity. Sawflies inhabiting temperate regions may have up to four generations in a year (Pschorn-Walcher, 1982) and the adult emergence of a single generation can be tightly synchronized or staggered and polymodal (Knerer, 1993) . Seasonal distribution of adults as well as other aspects of life history are unevenly known. A few members of Diprionidae and Tenthredinidae with great economical impact are well-studied, but the seasonality of majority of species is poorly known. Most of the published data are based on occasional collections, frequently from various sites (from lowlands to mountains) within a country.
A study of the seasonal flight activity may bring insights into phenology of the Symphyta. Malaise traps have been commonly used to study sawfly assemblages (e.g., Taeger & Taeger, 1997; Braud et al., 2003) from many aspects including seasonal activity of the recorded species (Mohr & Koch, 1991; Holuša, 1999) . In Slovakia, a similar survey was conducted in the Devínska Kobyla National Nature Reserve (hills in SW Slovakia) (Roller, 1998) . The purposes of this study were to determine species composition and document seasonality of adult sawflies at three study sites in the submontane region of C Slovakia.
Material and methods
Three sites were studied in the submontane region of the Western Carpathians Mts (C Slovakia). Their description is presented in Table 1 . Climate and plant alliance data were taken from MICHALKO et al. (1987) . Sampling of adult sawflies was performed using the Townes' model of Malaise trap (TOWNES, 1972 ; provided by Entomologické pomôcky, O. Šauša, Bratislava). One Malaise trap was exposed continuously at each study site: in Hriňová (HR) from 5 May to 26 October 1995, in Mošovce (MO) from 10 April to 30 September 1992 and in Štefanová (ŠT) from 18 May to 16 September 1996. The traps were located in less disturbed ecotonal environments, but in vicinity of the residences of voluntary assistants (see acknowledgments). A killing jar for each trap was filled with 70% ethanol and emptied in HR and MO daily and in ŠT weekly.
Most sawflies were identified using ZHELOCHOVTSEV (1988) . Nomenclature follows the most recent checklist of the Slovak Symphyta (ROLLER, 1999) . Genera and species within families are listed alphabetically. Voucher specimens c 2006 Institute of Zoology, Slovak Academy of Sciences 
Results and discussion

Species representation
Altogether 9,281 specimens representing 245 species of Symphyta were recorded at the three study sites. Collected adults belong to nine families with the most numerous Tenthredinidae (217 species), followed by Argidae (8), Pamphiliidae (7), Cephidae (6), Diprionidae (2), Xyelidae (2), Cimbicidae (1), Megalodontesidae (1) and Xiphydriidae (1). Representatives of Siricidae and Orussidae were not collected. In spite of high collecting efficiency of the Malaise traps, their selectiveness has already been reported (e.g., Ritzau, 1995; Taeger & Taeger, 1997) . Siricidae, Cimbicidae, Pamphiliidae, and large species of Tenthredinidae are often underestimated in "tent-like" traps (Pschorn-Walcher & Taeger, 1995) . Total counts of individuals and species for the study site and abundances of recorded species are presented in Appendix 1. Malaise traps collected from two to four thousand individuals at the study site during a single plant growing season. Species richness varied from 116 in HR to 181 in MO. The sawfly assemblage in MO may be assessed as very rich (181 species in one trap over one year) compared to known data on local diversity of Symphyta (Smith, 1993) . The results suggest that ecotonal environments of the submontane region appear to offer optimal conditions (climate, diverse vegetation) for development of the richest sawfly assemblages in central Europe.
Representatives of the family Tenthredinidae were most abundant. Pachyprotasis rapae made up 27% and 21% of the total specimens in MO and ŠT, respectively. Athalia cordata accounted for 26% in HR. Both species were found in a wide range of habitats and their larvae are 2 nd grade oligophags (terminology of Viitasaari, 2002) finding plenty of food plants at the study sites.
Based on the material collected, some faunistic notes on new records of species in Slovakia have already been published (e.g., Roller, 1996; Roller & Lukáš, 1999; Holuša & Roller, 2004) . The discovery of Pseudodineura fuscula (identified by Dr. K. Beneš, Prague) in MO is another first record for Slovakia. The study sites remain to be the only known Slovak sites for Empria testaceipes (HR), Pikonema styx (MO), Pristiphora subarctica (MO), P. tenuiserra (MO), and Sharliphora parva (HR, MO).
Seasonality of sawfly assemblages
Adults were present in traps from the end of April (MO) through the first half of October (HR, ŠT). The earliest sawflies collected were Dolerus aeneus, Empria alector, E. parvula and Monophadnus pallescens on 28 April (MO), and the latest was Apethymus apicalis on 15 October (HR). In HR and ŠT early flying species may have been missed since the traps were not set in April. The flying season at the studied submontane sites lasted about five months, two months shorter than in the hills of SW Slovakia (Roller, 1998) .
Abundance of sawflies reached a peak in the second half of May and slowly decreased throughout the rest of the flying season in MO and ŠT. The number of trapped individuals in HR peaked in July and August, in addition to the spring peak of abundance (Fig. 1) . The highest number of species occurred from the second half of May through the first half of June which corresponds with the spring peak of abundance at all sites studied (Fig. 1 ). About 55% of the recorded species finished flight activity by the end of June. These findings support data on the main flight period of Symphyta in C Europe in May and June (e.g., Pschorn-Walcher & Taeger, 1995) . However, additional peaks of abundance may occur under suitable conditions in summer. In HR, the summer increase of trapped sawflies was caused by high flight activity of a few abundant species: Ametastegia tenera, Athalia cordata and A. rosae. The summer activity peaks reflect the usual dominant occurrence of multivoltine species and the species with staggered emergence (PschornWalcher, 1982) .
Flight activity of selected species
The flight period for each species is given in Appendix 1. The flight maxima and modality of flight pattern were evaluated in species at the study sites where the species abundances were at least 20 individuals. Species with short flight periods (approx. 50 days) and unimodal seasonal flight patterns usually have single generations a year. Examples from the recorded species are Aglaostigma fulvipes, Allantus basalis, Athalia bicolor, Claremontia tenuicornis, C. uncta, Dolerus aeneus, D. gonager, D. nigratus, D. picipes, Empria sexpunctata, E. parvula, Macrophya recognata, Monophadnus pallescens, Pachyprotasis antennata, Parna tenella, Pikonema scutellatum, Pristiphora leucopodia, P. saxesenii, Sharliphora spp., Taxonus sticticus, Tenthredella ferruginea, T. livida, Tenthredopsis ornata, and T. tishbeinii (Appendix 1). This type of seasonal flight activity is frequently found in species with spring emergence of adults and species where larvae are associated with short-lived phenophase of the host plant (Knerer, 1993) .
Another group of species displayed longer flight period (more than two months). Athalia cordata, Cladius pectinicornis, Nematus myosotidis, Priophorus pallipes and Pristiphora armata were collected through a large part of the season (from May through September). Seasonal flight patterns of the long-period fliers had from one to four peaks of occurrence (Appendix 1). However, some species showed different flight patterns among study sites and others had a flattened flight pattern mode. Phenomena as overlapping generations, prolonged diapause in a part of a generation, and several emergence waves in a single generation -polymodality (Pschorn-Walcher, 1982) make it difficult to determine the number of annual generations from the seasonal activity of the Symphyta flying for a long period.
Sixteen species of Tenthredinidae reached an abundance of over 100 individuals at one from the study sites. Seasonal flight activity of these species is analysed and discussed below.
Allantus cingulatus
Synchronised spring emergence for a period of 30 days and a single peak of abundance were found in ŠT (Fig. 2) , indicating that A. cingulatus is univoltine. These results correspond with known data on seasonality of the species (Scheibelreiter, 1972/73) .
Ametastegia equiseti
Adults emerged in MO for a period of 114 days, from May through August. The seasonal flight pattern was polymodal with flattened peaks, and the abundance reached absolute maximum at the end of June (Fig. 2) . This species produces 2-3 annual generations in Hungary (Zombori, 1982) . Prolonged diapause of a part of the larvae has been reported in North America (Smith, 1979) , making difficult to determine the number of annual generations from the flight activity.
Ametastegia tenera
Adults occurred in HR for a period of 130 days, from May through the first half of September. The spring emergence wave was least abundant but distinct, followed by about a one month pause in activity, the summer wave, and the most abundant late summer wave (Fig. 2) . This may indicate three generations in a year. Similar seasonal flight pattern was found in the nature protected area Koppelstein, Germany (Mohr & Koch, 1991) . Ametastegia tenera produces at least three generations in Hungary (Zombori, 1982) . 
Athalia circularis
No. of individuals
Taxonus agrorum (Štefanová, 1995) tened peaks, and main flight activity was found in the summer months (Fig. 2) . This species is known to have a single annual generation (Lorenz & Kraus, 1957) . In Hungary, the adults have a long flight season, from May to October (Zombori, 1982) . The results obtained in the study areas cannot confirm univoltinity of A. circularis.
Athalia cordata
This species occurred in the traps from May through the first half of September, in HR and ŠT for a period of 138 and 107 days, respectively. Two emergence waves could be recognized, an early synchronised wave in the second half of spring and a late wave during August (ŠT) or it persisted over the entire summer (HR) (Fig. 2) . A long period of seasonal activity, from May to September was also reported from Hungary (Zombori, 1982) . These data indicate that A. cordata may produce more than one annual generation in C Europe.
Athalia liberta
Adults were trapped for a period of 91 days, from May through August in a mode similar to that of A. cordata (Fig. 2) . Two emergence waves were well separated from each other, suggesting that A. liberta is probably bivoltine. These results correspond with known data on seasonality of the species in Hungary (Zombori, 1982) .
Athalia rosae
In HR, adults occurred in the trap mainly in July, and only several individuals were trapped in May, June, and August, through a period of 91 days (Fig. 2) . A longer flight period, between May and September, and a similar seasonal flight pattern was found in SW Slovakia (Roller, 1998) . In Hungary, at least two annual generations occur from April to September (Zombori, 1982) . Athalia rosae seems to be a typical summer species with a minor emergence wave (generation?) in late spring.
Dolerus sanguinicollis
This species was collected in MO from May to early July, for a period of 60 days. A less synchronised emergence of adults peaked inconspicuously in early June (Fig. 2) . In submontane conditions of MO, the flight season started one month later than the season in Hungary where adults occur from April to June (Zombori, 1982) . Dolerus sanguinicollis produces a single annual generation (Lorenz & Kraus, 1957) .
Macrophya sanguinolenta
In ŠT, the spring flight activity lasted for a period of 58 days and peaked in early June, indicating that this species has a single generation a year (Fig. 2) . In Finland, the adults of a univoltine population emerged in June (Kontuniemi, 1951) . Most species of Tenthredininae including Macrophya seems to be univoltine (Pschorn-Walcher, 1982; Smith, 1991). However, a longer flight period, from May through July, was reported for M. sanguinolenta in Luxembourg (Magis, 1985) .
Nematus myosotidis
Adults were trapped in HR from May through the first half of September, for a period of 124 days, and in ŠT from May through August, for a period of 93 days. In HR, the flight pattern was polymodal with the main flight activity in August, while in ŠT a major peak of activity was found in May (Fig. 2) . At least two annual generations occur in Great Britain from May to August (Benson, 1958) . The long period of seasonal activity and polymodal flight pattern found in HR indicate that N. myosotidis is multivoltine in the area studied.
Pachyprotasis rapae
This species occurred in traps from May to August, in MO and ŠT for a period of 100 and 79 days, respectively. Staggered emergence of adults peaked in the second half of May (MO, ŠT) and in the first half of June (MO) (Fig. 2) . The long period of seasonal activity and bimodal flight pattern in MO may indicate that P. rapae has more than one generation in a year. This is in accordance with Magis (1984) who recognised bivoltine populations in Luxembourg. However, a shorter flight period was found in lowlands (AprilJune) and mountains (May -July) of Slovakia (data not shown).
Priophorus pallipes
Adults were trapped in ŠT from May through August, for a period of 100 days. Two distinct emergence waves peaked in May and August and a minor flight activity was found in July (Fig. 2) . In Great Britain, this species has at least two annual generations flying from May to September (Benson, 1958) . The flight activity found in ŠT suggests that P. pallipes is bivoltine.
Sharliphora parva
Synchronised early spring emergence for a period of 30 days and a single peak of abundance were found in MO, indicating that Sh. parva is univoltine (Fig. 2) . Adults of Sharliphora fly in the spring when the buds of the host plant -spruce (Picea sp.) begin to swell. In S Finland flights are from the end of May through the first half of June (Beneš et al, 1981) .
Taxonus agrorum
This species occurred in ŠT from the last half of May through the first half of July, for a period of 58 days. The seasonal flight pattern was bimodal with the peaks close each other, during the end of May and the beginning of June (Fig. 2) . The short flight period suggests that T. agrorum is univoltine. However, a second annual generation may occur in Hungary where a longer flight period has been found, from May to August (Zombori, 1982) .
Tenthredella mesomela
Adults were trapped in MO from May through July, for a period of 58 days. The flight activity peaked at the beginning of July (Fig. 2) . Similar seasonal flight period was found in Great Britain (Benson, 1952) . Tenthredella mesomela seems to produce a single generation with less synchronised emergence of adults in the study areas.
Tenthredopsis nassata
In ŠT, the flight activity lasted from May to July, for a period of 51 days, and peaked during the first half of June (Fig. 2) . More synchronised emergence was found in the lowlands of Slovakia (data not shown) indicating that T. nassata is univoltine. However, longer seasonal flight periods were reported from Great Britain (Benson, 1952) and Macedonia (Cingovski, 1985) . 
